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Abstract

Prior studies raise questions about whether persistent postconcussive symptoms (PCS) are
differentiable from mental health sequelae of traumatic brain injury (TBI). To investigate whether
PCS represented a distinct symptom domain, we evaluated the structure of post-concussive and
psychological symptoms using data from The Army STARRS Pre/Post Deployment Study, a panel
survey of three U.S. Army Brigade Combat Teams that deployed to Afghanistan. Data from 1229
participants who sustained probable TBI during deployment completed ratings of past-30-day
post-concussive, posttraumatic stress, and depressive symptoms three months after their return.
Exploratory factor analysis (EFA; 7= 300) and confirmatory factor analysis (CFA; n=929)

of symptom ratings were performed in independent subsamples. EFA suggested a model with 3
correlated factors resembling PCS, posttraumatic stress, and depression. CFA confirmed adequate
fit of the 3-factor model (CFI = .964, RMSEA =.073 [.070, .075]), contingent upon allowing
theoretically defensible cross-loadings. Bifactor CFA indicated that variance in all symptoms

was explained by a general factor (A =.36-.93), but also provided evidence of domain factors
defined by (a) reexperiencing/hyperarousal, (b) cognitive/somatic symptoms, and (c) depressed
mood/anhedonia. Soldiers with more severe TBI had higher cognitive/somatic scores, whereas
soldiers with more deployment stress had higher general and reexperiencing/hyperarousal scores.
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San Diego, 9500 Gilman Drive, Mailcode 0855, LA Jolla, CA 92093-0855. sagtarap@ucsd.edu.
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Thus, variance in PCS is attributable to both a specific cognitive/somatic symptom factor and a
general factor that also explains variance in posttraumatic stress and depression. Measurement

of specific domains representing cognitive/somatic symptoms, reexperiencing/hyperarousal, and
depressed mood/anhedonia may help clarify the relative severity of PCS, posttraumatic stress, and
depression among individuals with recent TBI.

Keywords

bifactor modeling; construct validity; postconcussive syndrome; posttraumatic stress disorder; TBI
symptoms

There is considerable interest in the relationship between persistent postconcussive
symptoms (PCS) and mental disorders in individuals who have sustained traumatic brain
injury (TBI). TBI is considered a hallmark injury for service members returning from Iraq
and Afghanistan because of the propensity of blast injuries occurring from improvised
explosive devices (Stein & McAllister, 2009). Prevalence estimates of TBI among service
members who have deployed in support of Operations Enduring Freedom, Iraqi Freedom,
and New Dawn have ranged between 9% and 28%, with differences likely attributable

to variation in sample characteristics and TBI assessment procedures (Lindquist, Love, &
Elbogen, 2017; Schwab et al., 2017; Stein et al., 2015; Terrio et al., 2009).

Postconcussive Symptoms Following TBI

The symptoms collectively referred to as PCS include fatigue, sleep problems, headaches,
dizziness/balance problems, light and noise sensitivity, difficulty concentrating, memory
deficits, irritability, and other mood/behavior changes (American Psychiatric Association,
2000; Binder, 1986; Bryant & Harvey, 1999; McCrea, 2008; World Health Organization,
1992). These diverse symptoms are commonly organized into three general symptom
domains: cognitive, somatic, and emotional (Herrmann et al., 2009; Laborey et al., 2014;
Potter, Leigh, Wade, & Fleminger, 2006). Symptoms typically resolve within three months
of injury (Alves, Macciocchi, & Barth, 1993); however, 6% to 15% of individuals who
sustain TBI continue to experience PCS for a year or longer (Ryan & Warden, 2003;

Stein & McAllister, 2009). Persistent PCS is associated with poor outcomes, including
mental disorders, cognitive impairment, neurological deficiencies, and lower life satisfaction
(Bryant & Harvey, 1999; Kirkham et al., 2016; Kleffelgaard et al., 2017; Stalnacke,
Bjornstig, Karlsson, & Sojka, 2005).

Relationships Among PCS and Mental Health Factors

Recent investigations have raised concerns about the specificity of PCS to TBI exposure
and unclear boundaries of PCS with other conditions that may arise from the same event,
such as posttraumatic stress disorder (PTSD; Hoge et al., 2008; Lagarde et al., 2014;

Stein & McAllister, 2009). Symptoms of PTSD include (a) intrusive thoughts, nightmares,
flashbacks, emotional distress and physical reactivity after exposure to traumatic reminders,
(b) avoidance of trauma-related stimuli, (c) negative thoughts or feelings that have
significantly worsened as a result of trauma exposure, and (d) trauma-related arousal and
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reactivity such as irritability, aggression, risky behavior, hypervigilance, heightened startle
reactions, difficulty concentrating, and trouble sleeping (American Psychiatric Association,
2013). Several PTSD symptoms (i.e., difficulty concentrating, sleep problems, fatigue,
irritability) directly overlap with PCS (Stein & McAllister, 2009).

Among military service members returning from Iraq and Afghanistan, the prevalence of
PTSD has been reported upward of 16%, which is likely an underestimate given barriers
to diagnosis and treatment (Sareen et al., 2007). Many of these PTSD diagnoses co-occur
with TBI; for example, a study by Hoge et al. (2008) found that among U.S. Army soldiers
returning from Iraq, 44% of those who reported mild TBI with loss of consciousness also
met criteria for PTSD. Moreover, a prospective study found that deployment-acquired TBI
was associated with increased risk of developing PTSD following return from deployment
(Stein et al., 2015).

Most investigations have conceptualized PTSD and persistent PCS as distinct but associated
phenomena; however, some raise questions about their discriminant validity. For instance,
among military service members, the relationship between mild TBI and PCS was
nonsignificant after controlling for symptoms of PTSD and depression (Belanger, Kretzmer,
Vanderploeg, & French, 2010; Hoge et al., 2008; Schneiderman, Braver, & Kang, 2008).

In a study of emergency department patients with TBI and extracranial injuries, PCS was
common in both subgroups (Lagarde et al., 2014). TBI was a significant predictor of PTSD
symptoms—but not PCS—at 3 months postinjury. Additionally, a correspondence analysis
showed similar behavior of PCS and the hyperarousal symptoms of PTSD, suggesting that
PCS and PTSD items did not measure dissociable symptom domains (Lagarde et al., 2014).

PCS also co-occurs with other mental health problems, such as depression. Shared
characteristics of PCS and major depressive episodes include sleep problems, fatigue,

and difficulty concentrating; all of which are commonly reported by soldiers following
deployment (Wilk, Herrell, Wynn, Riviere, & Hoge, 2012). Evidence suggests that soldiers
who sustain deployment-acquired TBI are at increased risk of postdeployment major
depressive episode (Stein et al., 2015) and that predeployment psychological distress is a
risk factor for postdeployment PCS (Stein et al., 2016). Moreover, depressive symptoms are
strongly associated with PCS among patients with TBI (Herrmann et al., 2009).

Understanding the source(s) of symptoms following TBI is complicated not only by the
overlap between PCS and mental health problems, but also by high comorbidity of mental
disorders such as PTSD and depression. Many studies have investigated relationships
among the symptoms of PTSD and depressive disorders in trauma-exposed individuals,
with most indicating that PTSD and depression are distinct but related domains (e.g.,
Blanchard, Buckley, Hickling, & Taylor, 1998; Gros, Simms, & Acierno, 2010; Post,
Feeny, Zoellner, & Connell, 2016). However, some provide evidence of a “general stress
reaction” that encompasses both PTSD and depressive symptoms (Au, Dickstein, Comer,
Salters-Pedneault, & Litz, 2013; Dekel, Solomon, Horesh, & Ein-Dor, 2014; Elhai et al.,
2011; see also Watson, 2005), indicating that the boundary between PTSD and depression
may be indistinct among trauma-exposed individuals.
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Although a few prior studies have examined relationships among PCS, PTSD, and
depression (Morissette et al., 2011; Segev et al., 2016), we are unaware of any that
investigated the latent structure of postconcussive, posttraumatic stress, and depressive
symptoms in the wake of TBI. Another issue that has yet to be considered is the potential
contribution of broader traits (e.g., general distress/negative affectivity; Goldberg, Krueger,
Andrews, & Hobbs, 2009; Thomas, 2012; Watson, 2005) to variance in both PCS and
symptoms of mental disorders.

The Current Study

Both the complexity of events surrounding TBI (i.e., insult to the brain that often occurs in
conjunction with stress exposure) and the definitional overlap among common TBI sequalae
(e.g., PCS, PTSD, depression) pose challenges for clinicians who aim to clarify causes of
persistent symptoms and relative contributions of different symptom domains to the patient’s
dysfunction. Questions about the validity of PCS, particularly its distinctiveness from mental
disorders, further complicate diagnosis and treatment planning. An analysis of the structure
of symptoms following TBI may clarify whether PCS comprises a symptom domain that is
distinct from posttraumatic stress and depression, and elucidate how to best measure severity
of specific symptom domains among individuals who present with more than one (or all) of
these problems.

With latent variable analysis, measurement models can be tested to evaluate whether patterns
of relationships among observed variables are consistent with a hypothesized structure (e.g.,
distinct latent dimensions representing PCS, posttraumatic stress, and depression), and how
individual differences in one latent dimension relate to individual differences in other latent
dimensions (e.g., Strauss & Smith, 2009). Subsequently, factor scores can be examined

in relation to external correlates, to determine whether expected associations are present.
Where symptom dimensions are strongly associated, higher-order and bifactor analyses can
be used to assess whether superordinate factors contribute to relationships among individual
symptoms and lower-order/domain factors (e.g., Thomas, 2012).

In the current study, exploratory factor analysis (EFA) and confirmatory factor analysis
(CFA) were performed to assess whether indicators of PCS defined a distinct latent
dimension, and whether measurement models that distinguished PCS from posttraumatic
stress and depression provided good fit for the symptom-level data. Bifactor CFA models
were subsequently fit to examine the extent to which variance in individual symptoms was
explained by a general factor versus domain factors reflecting specific symptom dimensions
(e.g., PCS, posttraumatic stress, and/or depression). Lastly, we derived factor scores from
the final models and tested for significant differences by TBI severity (very mild vs. mild
vs. more-than-mild) and deployment stress exposure (high vs. low). We expected that
soldiers with high deployment stress exposure would score higher on factors representing
posttraumatic stress and other predominantly affective dimensions, whereas soldiers with
greater TBI severity would score higher on factor(s) defined by cognitive and somatic
symptoms that are prominent in PCS.
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Sample and Data Source(s)

Measures

Details regarding the design and conduct of the Army Study to Assess Risk and Resilience
in Servicemembers (Army STARRS) are available elsewhere (Kessler, Colpe, et al., 2013;
Ursano et al., 2014). The Pre/Post Deployment Study (PPDS) population consisted of
soldiers in three Brigade Combat Teams (BCTs), whose members deployed to Afghanistan
1-2 months after administration of the baseline PPDS survey. The average length of
deployment for the BCTs was approximately 10 months. Participants gave their informed,
written consent to participate in the PPDS baseline and follow-up surveys. All procedures
were approved by the Human Subjects Committees of all collaborating organizations.

Baseline (T0) PPDS respondents completed a computerized, self-administered questionnaire
(SAQ) that collected information about sociodemographic characteristics, health (including
TBI history), lifetime mental disorders, and various risk and resilience factors. Follow-up
SAQs were administered approximately 1 month (T1), 3 months (T2), and 9 months

(T3) after the BCTs returned from deployment. The T1 SAQ was a brief assessment of
experiences that occurred during deployment (e.g., deployment stressors, TBI). The T2 and
T3 SAQs were more extensive, assessing recent experiences, 30-day mental disorders, and
30-day somatic and cognitive symptoms including those that characterize PCS.

A total of 9,949 soldiers were present for duty in the three BCTs during baseline (T0).
Among the soldiers present, 8,558 (86.0%) completed the TO survey and provided consent to
link their survey responses to their Army/Department of Defense administrative records. Of
those, 7,742 subsequently deployed to Afghanistan. Because this study focused on sequelae
of recent TBI, the analysis was conducted using data from respondents who reported
deployment-acquired TBI at T1 (/= 1,310) and completed key sections of the survey at T2
(i.e., those assessing PCS, posttraumatic stress, and depression), resulting in a final sample
N=1,229. The 81 TBI-exposed soldiers who could not be included in the analysis because
of absence of T2 data did not differ from those included in terms of age, sex, race, ethnicity,
education, marital status, or history of TBI prior to the index deployment (ps > .10).

TBIl.—Probable deployment-acquired TBI was assessed via self-report in the T1 survey
using questions developed specifically for Army STARRS. An initial probe, How many
times during your recent deployment did you have a head, neck, or blast injury that. . . , was
followed by questions about alteration or loss of consciousness (LOC) and lapse of memory
that occurred. Following prior PPDS studies (Stein et al., 2015, 2016), we characterized each
respondent as having had: (a) No TBI (excluded from the analysis); (b) probable “very mild”
TBI (alteration but no LOC [“didn’t knock you out but caused you to be dazed or see stars™]
and no lapse of memory); (c) probable “mild TBI” (LOC [*knocked you out”] for less than
30 min and/or lapse of memory for less than 30 min); or (d) probable “more-than-mild

TBI” (LOC for 30 min or more or lapse in memory lasting 30 min or more). Using these
criteria, TBIs classified as very mild or mild would match up with most standard and widely
used definitions of mild TBI (e.g., American Congress of Rehabilitation Medicine, 1993).
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The majority of TBIs classified as more-than-mild would fall into a higher category (i.e.,
moderate or severe) of clinical severity.

The TO survey included analogous assessment of lifetime TBIs that occurred prior to the
index deployment. To increase confidence in the accuracy of reports of these injuries (many
of which were from childhood/adolescence), we focused solely on predeployment TBIs for
which the respondent endorsed LOC. Frequency of any lifetime TBI with LOC (of any
duration) and number of lifetime TBIs with LOC (0, 1, or 2 or more) are included in the
sample descriptive statistics.

Deployment stress severity.—The T1 survey used items adapted from the Deployment
Risk and Resilience Inventory (King, King, Vogt, Knight, & Samper, 2006; Vogt, Proctor,
King, King, & Vasterling, 2008) and the Joint Mental Health Advisory Team 7 survey (Joint
Mental Health Advisory Team 7, 2011) to assess the frequency of stressful deployment
experiences (e.g., “During your deployment, how many times did you . . . fire rounds at the
enemy or take enemy fire? . . . have members of your unit who were seriously wounded or
killed?”). Responses to these items were discretized and summed to create a deployment
stress score (theoretical range = 0 to 16; for details, see Campbell-Sills et al., 2018).

Based on preliminary analysis of the functional form of the association of total deployment
stress scores with a clinically salient criterion (incidence of PTSD or MDE at T2), scores
<6 were considered low-to-moderate deployment stress and scores >6 were considered

high deoloyment stress. The clinically significant distinction between /ow-to-moderate
deployment stress and high deployment stress was supported by Anderson et al.’s (2019)
finding that, among soldiers with no lifetime history of PTSD prior to the index deployment,
high deployment stress was prospectively associated with more than triple the odds of
past-month PTSD at 3 or 9 months postdeployment (AOR = 3.52, 95% CI [2.94 —4.21]),
relative to Jow-to-moderate deployment stress.

Postdeployment PCS.—Past 30-day somatic and cognitive symptoms were assessed in

a T2 survey section that inquired generally about health problems without any reference to
TBI or other injuries or events. Included in the current analysis were 10 items reflecting

an array of symptoms that may follow TBI: balance problems or dizziness; sensitivity to
noise; sensitivity to light; memory problems; irritability; difficulty concentrating; headaches;
feeling tired out or being easily fatigued; tinnitus; and sleep problems. Respondents rated
each symptom on a 5-point frequency scale that ranged from None of the time (0) through
All or almost all of the time (4).

A previous report described derivation of a postconcussive symptoms scale (PCS-8; Stein et
al., 2016) that included eight of the 10 items considered in our analysis. Criterion validity
of the scale was supported by findings that PPDS respondents with deployment-acquired
TBI scored substantially higher on the PCS-8 than soldiers without deployment-acquired
TBI, and soldiers with mild TBI scored higher than those with very mild TBI (soldiers

with more-than-mild TBI were excluded from the study; Stein et al., 2016). The PCS-8 also
demonstrated good internal consistency (Cronbach’s alpha = .88). Sleep problems were not
included in the PCS-8 because of a concern that these were less specific to PCS and could
indicate other conditions that are common after deployment (PTSD, depression, primary
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insomnia). However, because our study directly evaluates overlap among PCS and other
conditions, sleep disturbance was included as an indicator of PCS. We also included an item
assessing tinnitus, given evidence that this somatic symptom also may follow TBI (e.g.,
Yurgil et al., 2016). The internal consistency of the expanded PCS scale used here was good
(Cronbach’s alpha = .89).

Postdeployment posttraumatic stress symptoms.—The Stressful Experiences
section of the PPDS T2 survey included a 30-day Diagnostic and Statistical Manual of
Mental Disorders, fourth edition (DSM-/V) and DSM-5PTSD symptom assessment based
on items from the civilian PTSD Checklist for DSM-/V (PCL-C; Weathers, Litz, Herman,
Huska, & Keane, 1993) and the PTSD Checklist for DSM-5 (PCL-5; Weathers et al., 2013).
Each item was rated on a scale from 0 (not at all) to4 (extremely). A detailed explanation
of PPDS survey assessment of posttraumatic stress symptoms can be found in Rosellini et
al. (2015) and the full survey section (along with other survey sections that contained items
used in the current analysis) can be viewed at https://starrsls.org/. Here we considered any
T2 survey item that corresponded to the DSM-5 criteria for PTSD; these were represented
by a combination of PCL-C and PCL-5 items.

Postdeployment depressive symptoms.—T2 respondents completed an adapted
version of the Composite International Diagnostic Interview Screening Scales (Kessler &
Ustiin, 2004). The required items for the depression module assessed depressed mood,
feeling discouraged, loss of interest or pleasure, and feelings of worthlessness during the
past 30 days. Frequency of these symptoms was rated from 0 (rone of the time) to 4 (all or
almost all of the time).

Statistical Method

The T2 survey items that assessed postconcussive, posttraumatic stress, and depressive
symptoms were considered for inclusion in the factor analyses. Item content was first
reviewed with the aim of identifying redundant items, as inclusion of near-identical
indicators could yield spurious findings (e.g., factors defined by two to three redundant
items). Three similarly worded items were found in the Your Health and Stressful
Experiences sections of the survey: these assessed irritability, difficulty concentrating, and
sleep problems. Other similarly worded items were found in the Depression and Stressful
Experiences sections: these assessed loss of interest and trouble experiencing positive
feelings. The instructions for the Stressful Experiences section of the survey directed
respondents to rate reactions to stressful experiences (“Highly stressful experiences can
cause a number of reactions. How much were you bothered by any of these reactions in
the past 30 days because of any highly stressful experience that ever happened to you?”),
whereas the Health Problems and Depression sections did not link the queried symptoms
to specific events. We selected the irritability, difficulty concentrating, sleep problems, and
loss of interest/pleasure items from the Health Problems and Depression survey sections
in lieu of the similarly worded items from the Stressful Experiences section, because

we wanted indicators to reflect overall severity of symptoms (irrespective of whether the
respondent felt they were reactions to a stressful experience). For example, we wanted the
indicator of sleep problems to reflect overall severity of sleep problems in the preceding
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30 days, not just the severity of sleep problems that the respondent thought were related

to a past stressful experience. This resulted in the elimination of five items from the
Stressful Experiences survey section: /oss of interest in activities you used to enjoy, trouble
experiencing positive feelings, irritable behavior, angry outbursts, or acting aggressively,
having difficulty concentrating, and trouble falling or staying asleep.

Data from the remaining 29 items were analyzed using Mplus Version 7. WLSMV
estimation, which defines item responses as ordered categorical, was the preferred method
over MLR with categorical variables because of easier computational burden and the
availability of global fit indices for model evaluation.

Approximately one third (7= 300) of cases were randomly chosen for an EFA with
WLSMV estimation and geomin rotation. Eigenvalues, scree plots, and global fit indices
were examined to evaluate one- to six-factor models. We considered a combination of
global fit indices that included the comparative fit index (CFI), Tucker-Lewis Index (TLI),
root mean square error of approximation (RMSEA) and its 90% confidence interval, and
standardized root-mean-square residual (SRMR). Fit indices were evaluated in relation to
recommended thresholds for good fit, with CFI and TLI close to or above .95; RMSEA
close to or below .06; SRMR close to or below .08 (Hu & Bentler, 1999); other guidelines
suggest RMSEA values up to .08 reflect adequate fit (MacCallum, Browne, & Sugawara,
1996). We also inspected pattern matrices to determine whether each indicator exhibited

a salient loading (e.g., A =.30) on at least one factor (Costello & Osborne, 2005). We
expected some salient cross-loadings, given the definitional overlap among PCS, PTSD,
and depression. Thus, retention of specific cross-loadings was based on whether the cross-
loadings were conceptually reasonable (e.g., sleep disturbance could plausibly be related to
PCS, posttraumatic stress, or depression).

Model structures derived from EFA were subsequently evaluated in CFA of data from the
remaining sample (/7= 929). First-order CFA models were specified and overall fit was
evaluated using CFI, TLI, and RMSEA. The weighted root-mean-square residual (WRMR)
also is reported (SRMR was not available for the WLSMV-estimated CFA models). In
addition, modification indices were reviewed to identify localized points-of-strain in model
fit. If a modification index was extremely elevated, and the corresponding path was
theoretically meaningful, we tried freeing the path in question and reevaluating fit.

After finalizing the first-order CFA model, we performed a second-order CFA to explore
whether a global factor might explain covariance of the first-order factors and substantial
variance in the indicators. To accomplish this, the magnitude of the second-order factor
loadings (i.e., loadings of the first-order factors on a high-order factor) and the relationship
of the second-order factor to the indicators were examined. If the second-order CFA results
suggested a viable global factor, we planned to conduct bifactor CFA, which first accounts
for item variance explained by a common general factor, and then estimates the degree

to which residual item variance is explained by domain factors that are orthogonal to the
general factor. Figure 1 shows a comparison of the first-order, higher-order, and bifactor
CFA models.
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Lastly, given sufficient evidence of a viable bifactor model, omega coefficients were used
to determine the internal consistency of multidimensional, composite factors. Omegas are
calculated for both the general factor and each domain factor and can be interpreted
similarly to Cronbach’s alpha (Rodriguez, Reise, & Haviland, 2016). An OmegaH score

is a modified Omega score representing the percent of variance in total scores attributed to
individual differences on the general factor; for domain factors, OmegaH score represents
the percentage of variance in a subscale score explained by a domain factor, after
partitioning out variance in that subscale score explained by the general factor (Rodriguez et
al., 2016). Factor determinancy scores are the correlations between calculated factor scores
and the factors themselves, with a correlation >.90 indicating strong representation of the
latent factor (Gorsuch, 1983).

Descriptive Analyses

The sociodemographic, Army service, and injury-related characteristics of the sample are
reported in Table 1. Approximately 42.5% of the sample reported a history of TBI with LOC
prior to the index deployment. With respect to the severity of TBI(s) that occurred auring the
index deployment, 65% of the sample reported very mild TBI (alteration of consciousness
only), 27% reported mild TBI (LOC and/or posttraumatic amnesia for <30 min), and 7%
reported more-than-mild TBI (LOC and/or posttraumatic amnesia for =30 min).

Exploratory Factor Analysis

Table 2 shows the Spearman’s Rho correlations of all items included in EFA, and Table 3
shows fit statistics for EFA models with 1 to 5 factors. Though global fit improved following
addition of each factor, evidence from the scree plot (see Figure 2), eigen-values (Table 4,
bottom row), and pattern matrices suggested the three-factor solution to be optimal (CFI =
.964, RMSEA = .074 [.068-.080]). The four-factor solution, though viable (eigen-value =
.989), was rejected given that the constituent items of the last factor primarily loaded on
other factors.

Table 4 shows the pattern matrices for the one- to five-factor EFA solutions. The pattern
matrix for the three-factor solution shows latent dimensions resembling PCS, Posttraumatic
Stress, and Depression in that all items from the PCS measure loaded on the first factor
(loadings = 0.45-.77), all PCL items loaded on the second factor (loadings = 0.41-1.00),
and all items from the depression measure loaded on the third factor (loadings = 0.77-0.96).
As expected, some of the nonspecific symptoms (i.e., irritability, difficulty concentrating,
sleep problems, tiredness/fatigue, strong negative beliefs, and feeling distant or cut off)
demonstrated salient cross-loadings (loadings = —.35-0.56).

Confirmatory Factor Analyses

Prior to confirming the three-factor EFA solution in the independent subsample, we tested
two simpler three-factor CFA models in which each indicator was allowed to load on only
one latent factor. The first was a three-factor model in which each item was allowed to

load only on a factor representing its original scale (e.g., items from the PCL were allowed
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to load on only one factor; see Table 5, 3-Factor Questionnaire-Based). The second was a
three-factor model in which each item was allowed to load only on the factor for which

it displayed a primary loading in EFA (Table 5, 3-Factor EFA Primary Loadings). These
models did not fit the data well, with modification indices suggesting multiple points of
strain. Next, we specified a three-factor model that, in addition to the EFA primary loadings,
allowed cross-loadings that were evident in EFA (Table 5, “3-Factor EFA Primary Loadings
and Cross-Loadings). Model fit markedly improved, with the model demonstrating adequate
fit (CFI = .955, RMSEA = .080 [.077, .083]). However, several substantially elevated
modification indices suggested that allowing additional cross-loadings would improve model
fit. After confirming that these were conceptually defensible, we allowed four additional
cross-loadings to be freely estimated: blaming yourself/someone else (PTS10) and strong
negative beliefs (PTS11) on the factor defined by depression items; sleep problems (PCST)
on the factor defined by posttraumatic stress items; and trouble remembering (PTS8) on the
factor defined by PCS items (Table 5, 3-Factor EFA Primary Loadings and Cross-Loadings,
Plus MI-Based Cross-Loadings). Model fit improved when these paths were freed (CFI =
.964, RMSEA = .073 [.070, .075]). Figure 3 shows a representation of this final CFA model
including the PCS, posttraumatic stress, and depression factors.

The significant factor intercorrelations (/s = .45-.58) observed in the first-order CFA
model suggested that a higher-order or general factor might explain substantial variance

in the indicators. Although a second-order CFA model would yield the same fit as the
first-order CFA model with three correlated factors, we fit it to gather preliminary evidence
for a general factor, by examining the magnitude of the second-order factor loadings and
the relationship of the second-order factor to the indicators. As expected, the three lower-
order factors loaded strongly on the second-order factor (.74, .79, and .61, respectively),
suggesting that a higher-order factor explained large proportions of variance in each of the
lower-order domains. All indicators had salient loadings on the second-order factor (As >
.35).

Given evidence of a superordinate factor underlying the three symptom domains, we
began fitting bifactor CFA models. As a first step, we tested a bifactor CFA model

in which each item was permitted to load only on the general factor and the domain
factor representing its original scale (Table 5, Bifactor Model With Questionnaire-Based
Domain Factors). This model showed adequate fit (CFI = .957, RMSEA = .080 [.077,
.083]). We next ran a bifactor model containing the four cross-loadings observed in

EFA and confirmed in CFA (Table 5, Bifactor Model With EFA Primary Loadings and
Cross-Loadings). Model fit was improved relative to the first bifactor model (CFA =
.967, RMSEA =.072 [.069, .075]). We next tried including the additional cross-loadings
that were specified in our final CFA model (based on modification indices); however,
that model would not converge, indicating underidentification (Table 5, Bifactor Model
With EFA Primary Loadings and Cross-Loadings, Plus CFA-Based Cross-Loadings). We
therefore accepted the Bifactor Model With EFA Primary Loadings and Cross-Loadings
as the final bifactor model. Based on the pattern and magnitude of item-factor loadings,
we labeled the domain factors Re-experiencing/Hyperarousal, Depressed Mooa/Anhedonia,
and Cognitive/Somatic Symptoms. Loadings for this model can be seen in Table 6. All
items displayed salient loadings on the general factor. Similarly, all items drawn from
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the PCS and depression measures exhibited salient loadings on the Cognitive/Somatic and
Depressed Mood/Anhedonia domain factors, respectively. Many items from the PCL did not
exhibit salient loadings on any domain factor, being largely explained by the general factor.
However, several items assessing reexperiencing and hyperarousal defined a distinct domain
factor.

Omega values for the general factor and for the Cognitive/Somatic, Reexperiencing/
Hyperarousal, and Depressed Mood/Anhedonia domain factors were .98, .92, .98, and .96,
respectively. These values indicate excellent internal consistency of the general factor and
each domain factor. OmegaH and OmegaHS values were .86, .48, .03, and .33, respectively.
These values suggest strong influence of the general factor on item variance; although the
Cognitive/Somatic (and to a lesser extent, Depressed Mood/Anhedonia) factors explained
substantive variance in those domains, beyond that explained by the general factor. In
contrast, the Re-Experiencing/Hyperarousal factor was essentially subsumed by the general
factor. Factor determinacy scores (.93-.99) indicated that factor score estimates were valid
representations of the defined factors.

Relative Contributions of General and Domain Factors to Specific Symptoms

Loadings from our final bifactor model were squared to observe variance explained

by the general factor as well as contributing domain factors. Percentages of variance
explained can be seen in Table 7. The general factor explained the majority of variance

in many items drawn from the PCL, particularly feeling strong negative emotions, avoiding
reminders and memories of stressful experiences, blaming oneself or someone else for
stressful experiences, and feeling upset and having physical reactions to reminders of
stressful experiences. The general factor also explained substantial amounts of variance

in symptoms such as sleep problems and irritability, which feature in clinical descriptions
of all three conditions of interest (PCS, posttraumatic stress, and depression). A number

of items also had substantive variance explained by the domain factors. As suggested by
the corresponding factor labels, domain factors explained variance in reexperiencing and
hyperarousal; cognitive (difficulty concentrating, memory problems) and somatic (balance/
dizziness, light sensitivity, noise sensitivity, headaches) symptoms; and depressed mood,
anhedonia, hopelessness, and worthlessness.

Factor scores were computed for the final first-order CFA and bifactor CFA models (see
Table 8), and examined in relation to deployment stress exposure (high or low-to-moderate)
and deployment-acquired TBI severity (very mild, mild, or more-than-mild). Soldiers with
high deployment stress exposure had significantly greater PCS, Posttraumatic Stress, and
Depression factor scores from the first-order CFA model. With respect to bifactor scores,
soldiers with high deployment stress had significantly higher general factor scores (Mp = .17
[.02], p<.001) and Reexperiencing/Hyperarousal scores (Mp = .05 [.02], p=.013).

Using scores from the first-order CFA model, soldiers with very mild TBI severity had
significantly lower PCS scores than those with mild TBI (M = —.25 [.04], p<.001)

and more-than-mild TBI (M = -.18 [.07], p=.025); they also had significantly lower
Posttraumatic Stress scores than those with mild TBI (M = -.29 [.06], p < .001). With
regard to bifactor scores, soldiers with very mild TBI had lower Cognitive/Somatic factor
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scores compared with those with mild (M = -.15 [.03], p < .001) and more-than-mild TBI
(Mp =-.12[.05], p=.042).

Discussion

Military service members with deployment-acquired TBI may experience a variety of
symptoms in the months following injury. It can be difficult for clinicians to ascertain the
relative contributions of TBI and mental disorders to the persistent symptoms experienced
by some members of this population, which complicates diagnosis and treatment planning.
The purpose of this study was to evaluate the structure of symptoms following deployment-
acquired TBI, with special focus on whether symptoms known as PCS are distinct from
mental health problems such as posttraumatic stress or depression. To address this question,
we conducted factor analyses of postconcussive, posttraumatic stress, and depressive
symptoms reported by TBI-exposed soldiers approximately three months after their return
from deployment. To our knowledge, this represents the first investigation to evaluate the
structure of symptoms from all three domains (PCS, posttraumatic stress, and depression)
among individuals with recent TBI.

Across EFA and CFA models, we observed evidence of a latent PCS dimension that was
distinct from posttraumatic stress and depression. Yet our results also pointed to substantial
overlap of the three symptom domains. The EFA and first-order CFA results highlighted the
substantial correlations among the PCS, Posttraumatic Stress, and Depression factors as well
as the variable specificity of symptoms that define these domains (i.e., several symptoms
loaded on more than one latent factor). Moreover, in bifactor CFA, we found that a general
factor explained substantial proportions of variance in all symptoms represented on the
measures of PCS, posttraumatic stress, and depression. Notably, items with the strongest
loadings on the general factor assessed negative feelings, beliefs, and action tendencies (i.e.,
avoidance). Although prior evidence suggests that general distress/negative affectivity is a
strong determinant of symptoms across diagnostic categories (including stress-related and
depressive disorders; Brown, Chorpita, & Barlow, 1998; Goldberg et al., 2009; Thomas,
2012; Watson, 2005), we cannot necessarily conclude that the general factor reflects this
characteristic. Because all latent variable indicators derived from self-report measures, it

is also possible that the general factor reflects symptom reporting style (i.e., tendency to
minimize or amplify symptoms on self-report measures; see also Limitations below).

In addition to showing that variance in all indicators was explained by a general factor,

our bifactor CFA revealed that remaining item variance was explained by clinically
interpretable domain factors. A Cognitive/Somatic factor was primarily defined by
difficulty concentrating, memory problems, light sensitivity, dizziness/balance problems,
noise sensitivity, and headaches; symptoms that align with clinical descriptions of PCS
(American Psychiatric Association, 2000; World Health Organization, 1992), A second
domain factor was defined by reexperiencing (recurrent dreams, memories, and flashbacks)
and hyperarousal (exaggerated startle; hypervigilance), which are prominent and relatively
specific features of posttraumatic stress (Brown & McNiff, 2009; Holowka, Marx,
Kaloupek, & Keange, 2012). Notably, the second domain factor did not explain substantive
variance in symptoms from the other DSM-5PTSD symptom clusters (avoidance and
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negative alterations in cognition and mood). Symptoms from those clusters, which
are associated not only with posttraumatic stress but also with more general anxious
apprehension (Barlow, 2002) and depression (e.g., Beck, 2008; Tull, Gratz, Salters, &
Roemer, 2004), were largely explained by the general factor.

A third domain factor was defined by items assessing depressed mood, anhedonia,
hopelessness, and worthlessness. These symptoms are cardinal features of unipolar
depression. Contrasting with the results of the EFA and single-order CFA, very little
variance in nonspecific symptoms was explained by the Depressed Mood/Anhedonia factor.
Given prior evidence of unclear boundaries between PTSD and depression (Au et al., 2013;
Dekel et al., 2014; Elhai et al., 2011), the distinctiveness of the Depressed Mood/Anhedonia
and Reexperiencing/Hyperarousal factors is noteworthy; suggesting that measurement of
these specific domains could help clarify relative severity of posttraumatic stress and
depression among service members with deployment-acquired TBI.

We assessed the reliability of our latent factors using omega coefficients, which gauge
internal consistency in the context of a multidimensional structure. The general factor

was highly internally consistent and explained the majority of variance in the items. The
domain factors were also internally consistent, and the Cognitive/Somatic and Depressed
Mood/Anhedonia factors explained substantive variance in their constituent symptoms over
and above that explained by the general factor. However, the Re-Experiencing/Hyperarousal
domain factor was poorly differentiated from the general factor, suggesting that this specific
symptom domain is difficult to distinguish from shared variance in symptom reporting
within this population.

Additional information about the validity of the factors was obtained through examination
of factor scores in relation to deployment stress exposure and TBI severity. Results
generally supported the construct validity of the bifactor scores, in that soldiers with

high deployment stress exposure exhibited significantly higher General Distress and
Reexperiencing/Hyperarousal factor scores, whereas soldiers with more severe TBI (mild
or more-than-mild) displayed higher Cognitive/Somatic factor scores than those with very
mild TBI. Scores from the first-order factor model performed somewhat worse in terms of
discriminating expected effects of deployment stress exposure versus TBI severity. Soldiers
with high deployment stress exposure had elevated scores on all three first-order factors
(PCS, Posttraumatic Stress, and Depression); and those with mild TBI scored significantly
higher than those with very mild TBI on both PCS and Posttraumatic Stress. Thus, the
bifactor scores may have improved specificity relative to the scores from the first-order
factor model (Thomas, 2012).

Several limitations affect the implications of these findings. The sample predominantly
comprised male Army soldiers who sustained TBI during combat deployment, which limits
the generalizability of results to other populations and injury circumstances. Additionally,
the EFA and CFAs were conducted using subsamples taken from the same study sample.
Replication of these results in independent samples of individuals with TBI is necessary
before firm conclusions can be drawn.
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Another limitation is that data were collected via self-report and are thus vulnerable to
response bias and invalid reporting. As noted above, an implication of the reliance on self-
report is that the general factor may reflect response style (e.g., overall tendency to minimize
vs. magnify symptoms) as opposed or in addition to a more clinically meaningful trait such
general distress/negative affectivity. In the absence of corroborating information from other
modalities (e.g., clinician interviews) or response validity measures, we cannot rule out the
possibility that the general factor reflects symptom reporting style. Tendencies to minimize
versus amplify symptoms also might influence respondents’ reporting of deployment stress
exposure and TBI severity, which could conceivably lead to inflated correlations between
symptom severity and severity of TBI/stress exposure.

On the other hand, concerns about the validity of PPDS data are mitigated to an extent by
the confidential nature of the surveys and thorough informed consent process, which may
guard against underreporting, and by results of the Army STARRS clinical reappraisal study,
which validated diagnoses based on the PTSD and depression survey items against blinded
structured clinical interviews (Kessler, Heeringa, et al., 2013; Kessler, Santiago, et al., 2013).
An attempt to corroborate deployment-acquired TBIs reported on the PPDS T1 survey using
Army/Department of Defense administrative data revealed poor concordance (Stein et al.,
2015), although this does not invalidate the self-reported injuries given that mild TBIs—
which comprise the large majority of TBIs sustained in this sample—are often medically
undiagnosed (Peskind, Brody, Cernak, McKee, & Ruff, 2013; Kristman et al., 2014) or
underreported (Chase & Nevin, 2015). We acknowledge that interview-based assessment of
TBI might have yielded more valid data, given that it would have provided opportunities

for follow-up questions and other clarification (e.g., Corrigan & Bogner, 2007). Although
interview-based assessment was not feasible in PPDS, future studies should attempt to
corroborate our findings among individuals whose TBI diagnoses were based on structured
or other clinical interviews.

A previously validated measure of PCS was not included in the PPDS surveys, although
results of a prior study (Stein et al., 2016) supported the internal consistency and criterion
validity of a measure that included nearly all of the PCS items included in our analysis.
Because the PCL items were not administered in the standard manner (i.e., by simply
administering the full PCL-C or PCL-5), the psychometric properties of the original PCL-C
and PCL-5 may not have been retained. Finally, although we had a rationale for excluding
five PCL items (see Statistical Methods), we tested the robustness of our findings by
repeating the EFA, first-order CFA, and bifactor CFA after reinserting those PCL items into
the analyses. Results were highly consistent with the reported findings, with EFA and first-
order CFA supporting a model with three correlated factors resembling PCS, posttraumatic
stress, and depression, and bifactor CFA indicating a strong general factor that explained
variance in all items, as well as domain factors reflecting cognitive/sensory symptoms,
reexperiencing/hyperarousal, and depressed mood/anhedonia. These results reinforced the
main study findings, in that the structure of the EFA, first-order CFA, and bifactor CFA
symptom domains was comparable when the excluded items were reintroduced.
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Conclusions

Findings of this study suggest that PCS can be distinguished from posttraumatic stress,
depression, and general distress/symptom reporting among soldiers with recent TBI.
Variance in PCS was attributable to both a specific cognitive/somatic symptom factor

and a general factor that also explained variance in posttraumatic stress and depression.
Measurement of specific domains defined by cognitive/somatic symptoms, reexperiencing/
hyperarousal, and depressed mood/anhedonia may help clarify the relative severity of PCS,
posttraumatic stress, and depression among individuals with recent TBI. Future research
should attempt to replicate these findings and to extend them by investigating associations of
unique domain factor profiles with injury characteristics and long-term outcomes of TBI.
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Public Significance Statement

Research on symptoms following traumatic brain injury (TBI) shows strong overlap
between postconcussive symptoms (PCS) and mental disorders like posttraumatic stress
disorder and depression. We analyzed data from >1,000 soldiers with recent TBI and
found that differences in PCS severity are attributable to (a) a general factor that also
contributes to differences in posttraumatic stress and depression and (b) a specific factor
that is characterized by cognitive and somatic symptoms.
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Figure 3.
Final first-order CFA model with all cross-loadings (dashed arrows indicate MI-based cross-

loadings; factor correlations not depicted in diagram).
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Table 1
Sample Characteristics (N = 1229)

Variable n (%) or M (SD)
Age at TO 24.99 (5.28)
Gender
Female 30 (2.4%)
Male 1188 (96.7%)
Missing/Unobtainable 11 (0.9%)
Ethnicity
Non-Hispanic 1042 (84.8%)
Hispanic 183 (14.9%)
Missing/Unobtainable 4 (0.3%)
Race
Caucasian 928 (75.5%)
Black 108 (8.8%)
Native American/Alaskan Native 8 (0.7%)
Asian 38 (3.1%)
Other/Multiracial 147 (12.0%)
Marital status
Married 642 (52.2%)
Never Married 439 (35.7%)
Divorced 63 (5.1%)
Separated 74 (6.0%)
Missing/Unobtainable 11 (0.9%)
Education level
GED or equivalent 103 (8.4%)
High school diploma 512 (41.7%)
Some post-HS education 320 (26.0%)
Post-HS education with degree/cert. 88 (7.2%)
Associate’s 97 (7.9%)
Bachelor’s 91 (7.4%)
Graduate/Professional 15 (1.2%)
Missing/Unobtainable 3(0.2%)

Any TBI prior to index deployment?
Predeployment TBI 559 (45.5%)
No predeployment TBI 670 (54.5%)

Number of TBIs prior to index deployment?

0 670 (54.5%)
1 214 (14.4%)
2+ 345 (28.1%)

Deployment-acquired TBI Severity
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Variable n (%) or M (SD)
Very mild 808 (65.7%)
Mild 333 (27.1%)
Mod/Severe 88 (7.2%)

Note. GED = General Equivalency Diploma; HS = high school; TBI = traumatic brain injury. The sample comprised Army STARRS respondents
who deployed to Afghanistan, reported an injury consistent with TBI on the PPDS survey, and completed the PPDS T2 survey sections that
assessed posttraumatic stress, depression, and postconcussive symptoms.

a . . L . .
For TBIs that occurred prior to the index deployment, only injuries with loss of consciousness (of any duration) were counted.
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